In order to identify the sensitivity of the numerical simuiation to the orography specification in a low resolution spectral model, two sets of numerical experiments for full-mountain and no-mountain cases are performed. By comparing the results, it is posstble to determine the effects of mountains on the atmospheric general circulation. This is a global, spectral model incorporating the primitive equations sugmented by physical parameterization and mountains, with five equally-spaced sigma levels in the vertical ang a triangular truncation at wavenumber 10 in the horizontal.
I. INTRODUCTION
In the past two decades, a number of general circulation numerical experiments have been made to identify the influence of orography upon the planetary-scale flow field. The validity of these experiments was supported by the success of the control simulations with realistic orography in simulating the atmospheric general circulation. Special note should be made of the studies by Kasahara and Washington (1971) and Manabe and Terpstra (1974) . Kasahara and Washington (1971) simulated the January climate with and without the earth's orography using the NCAR global circulation model. They discussed the relative importance of the thermal and orographic influences upon the large-scale motions of the atmosphere and concluded that the earth's orography plays a minor role compared to the thermal effect of continentality in determining the major features in the transport mechanism of mgmentum, water vapor, heat and ener.gy in terms of the zonal mean state, However, the), Vol. 4 concluded that for the regional aspects of general circulation the effects of orography are significant.
In order to further identify the effects of mountains upon the general circulation of the atmosphere, Manabe and Terpstra (1974) performed a set of numerical experiments using a general circulation model developed at the Geophysical Fluid Dynamic Laboratory of NOAA. The results of the numerical experiments for constant winter conditions indicated that it is necessary to consider the effects of mountains for the successful simulation of the stationary flow field in the atmosphere, particularly in the upper troposphere and stratosphere. In the model troposphere, mountains increase markedly the kinetic energy of stationary disturbances by increasing the stationary component of the eddy conversion of potential energy, whereas mountains decrease such energy of transient disturbance. The sum of stationary and transient eddy kinetic energy is affected little by mountains.
Recently, a set of new simulations have been carried out with and without orography using the two-level GCM at Oregon State University. In general, the results show a smaller orographic effect than that suggested by previous simulations for either January or July.
A review of the preceding studies indicates that there are still questions on the nature of the orographic effects with such effects being dependent upon the specific model and how results are analyzed. Nevertheless the importance of orography on the atmospheric circulation and sensitivity of models to orography is evident.
In this paper we extend the analysis of topographic effects by examining both the statistical significance of the effects and the sensitivity of the simulation to the details of the specification of orography. Furthermore, annual cycle instead of constant season simulations is considered. The low-resolution spectral model is used and basic circulation variables are examined. The full mountain-no mountain comparison parallels that for transports and energetics with this model referenced earlier. The analysis of the case without mountains isolates the overall effect of topography on the circulation which allows a comparison of these results to those found with higher resolution general circulation models. This is summarized in section IV. In section V, we study the effects of topography on the heat sources and sinks. A summary and conclusions follow in section VI.
II. BRIEF DESCRIPTION OF TItE MODEL
The low-resolution global spectral model used for this study is described in detail by Otto-Bliesner et al. (1982) and a very brief sketch of the global model is given here.
The sigma coodinate system is used with cr=P/_P* where P* is the surface pressure.
Five equally-spaced sigma levels between the surface and top of the atmosphere represent the vertical structure of the model atmosphere (Fig. 1) . A rigid top boundary condition, tr=0 at a--0, is assumed.
The basic dynamic and thermodynamic equations of this model consist of the vorticity equation for the vertical component of relative vorticity, horizontal divergence tendency equation, the continuity equation integrated to give surface pressure, the thermodynamic equation for temperature and moisture equation for moisture mixing ratio. Completing the set of equations are the hydrostatic equation and a diagnostic equation for the sigma vertical velocity.
The prognostic and diagnostic model variables are represented in the horizontal as truncated expansions of the surface spherical harmonics. The model is triangularly truncated at w.avenumber 10. The model is formulated using the transform method A semi-implicit
